Aims: The objective of this study was to evaluate cerebral venous recanalization with magnetic resonance black-blood thrombus imaging (MRBTI) in patients with cerebral venous thrombosis (CVT) who underwent batroxobin treatment in combination with anticoagulation.
| INTRODUC TI ON
Cerebral venous thrombosis (CVT) is an uncommon subtype of stroke with a highly variable clinical course including life-threatening deterioration especially with multisinus involvement. [1] [2] [3] Although anticoagulation (heparin and warfarin) is still recommended as the gold standard for CVT treatment per guidelines issued by the American Heart Association (AHA) and American Stroke Society (ASA) in 2011, and the European Federation of Neurological Societies (EFNS) in 2017, 1,2 the outcomes of CVT still can include deterioration despite aggressive anticoagulation 4, 5 ; meanwhile, the safety and efficacy of some other interventions (such as systematic and endovascular thrombolysis or mechanical venous thrombectomy) of CVT are invasive and typically used when patients fail anticoagulation. [6] [7] [8] [9] [10] Adjunctive noninvasive therapies are needed to increase the efficacy of anticoagulation for CVT.
Batroxobin is a thrombin-like serine protease extracted from
Bothrops atrox moojeni venom. It is a defibrinogenating agent which is more commonly used on cerebral arterial thrombosis. [11] [12] [13] [14] [15] A recent study revealed that batroxobin in combination with anticoagulation may be safe and effective for reducing fibrinogen in cerebral venous circulation and promoting thrombolysis. 16 The authors of the previous study utilized time-of-flight magnetic resonance venography (TOF MRV) in patients who underwent intravenous batroxobin plus anticoagulation, 16 the study identified batroxobin as a promising agent in CVT control. Despite these positive findings, TOF MRV assesses recanalization only by indirect imaging of venous flow perturbation caused by the thrombus; thus, this method may be less specific as it cannot depict the dissolving thrombus and luminal patency within the cerebral vein and venous sinus. 2, 17 Direct visualization of the thrombus itself is a problem overcome by magnetic resonance black-blood thrombus imaging (MRBTI) technique.
MRBTI is a 3-dimensional variable flip angle turbo spin echo and is capable of achieving accurate detection of thrombus and patency status in cerebral venous system 18 . Herein, with the help of MRBTI technique, we aimed to further evaluate the efficacy of batroxobin on promoting CVT recanalization.
| ME THODS

| Patients collection
This is a real-world patient registry study performed in accordance with the guidelines of the 1964 Declaration of Helsinki. Given the real-world nature of our study, randomization was not possible. All Hospital, Capital Medical University, were recruited into this study.
The diagnosis of CVT was confirmed by MRBTI. The detailed criteria of diagnosis could be seen in the current CVT guidelines. 1,2 The enrolled patients were screened with the following inclusion and exclu- Patients were afflicted by other severe diseases.
| Intervention and assessment
According to batroxobin use or not, the cohort of patients was The venous stenosis extent presented on MRBTI corresponded to the grading criteria in cerebral arteries as normal (<30%), mild (30%-49%), moderate (50%-69%), severe stenosis (70%-90%), and occlusion (100%). 19, 20 In case of multistenosis in one segment, the most severe section was evaluated. Imaging assessment was finished by two independent readers with extensive experience.
| Outcome evaluation
The recanalization degree on TOF MRV and the degree of the segment-stenosis attenuation on MRBTI were followed up and recorded as the primary outcome. The recanalization degree was graded into four classes, The secondary outcomes comprised the ratio of patients with recanalization measured by TOF MRV, and the ratio of patients with stenosis attenuation, as well as the ratio of segments with stenosis amelioration, and the stenosis extent per involved segments.
All of which were assessed by MRBTI, furthermore, the neurological deficits including the National Institute of Health Stroke Scale (NIHSS) scores at discharge, the modified Rankin Scale (mRS) scores at 3 months, and hemorrhage occurrence/aggravation during hospitalization were also recorded. The stenosis attenuation was defined as stenosis with a ≥30% improvement in vessel diameter. The hemorrhage aggravation was an increase of 3 mL or >33% of primary hematoma volume on the follow-up images. 
| RE SULTS
| Baseline characteristics
A total of 31 subjects were recruited in this study, 21 patients in the batroxobin group and 10 cases in the control group. Thrombus was present in a total of 92 segments (35 transverse sinus, 22
sigmoid sinus, 21 sagittal sinus, 2 deep veins, 1 straight sinus, and 11 cortical veins), among which, 64 segments were in the F I G U R E 1 On MRBTI maps (follow-up vs. baseline), the degree of the segment-stenosis attenuation consists of: A, Class 0: exacerbation (thrombus increased); B, Class 1: no change or mild recovery (thrombus no change or reduced <30%); C, Class 2: moderate recovery (thrombus reduced to 30%-60%); D, Class 3: obvious or complete recovery (thrombus reduced to 60%-100%) batroxobin group and 28 in the control group. Overall, the average age was 32.8 ± 16.7 years, the mean time from symptom onset to admission was 21.5 ± 16.9 days, the mean hospital stay was 12.7 ± 2.83 days, and the mean imaging follow-up interval was 153 ± 114 days. All subjects were alive during either hospitalization or long-term follow-up, including one patient in the control group who had a cerebral hemorrhage at admission. The baseline data (including demographic, risk factors, imaging assessment, and neurological deficits) were equivalent between the two cohorts, except for hyper-fibrinogen (P = 0.03). Details are displayed in Table 1 .
| Primary outcomes
According to the recanalization criteria previously mentioned using TOF MRV, the recanalization degree at follow-up in batroxobin group was profoundly higher than that in control, regardless of ad- 
| Imaging outcomes
| Neurological deficits
No difference was detected between the two groups regarding both NIHSS scores at discharge and mRS scores at 3 months for the ba- Table 3 .
| Thrombus outcomes in different venous sinuses
The stenosis extent and the ratio of segments with stenosis at- 
| D ISCUSS I ON
Coagulation abnormalities are present by a number of conditions, including surgery, pregnancy, puerperium, trauma, anticardiolipin syndrome, malignancy, and thrombophilia. These conditions are considered to be involved mechanisms contributing to CVT. 1,2 To overcome the imbalance in hypercoagulability in CVT, the standard therapy is anticoagulation. 1,2 At times anticoagulation alone is not sufficient to reverse the disease process of CVT despite favorable clinical efficacy. 2, 23, 24 We sought to identify adjunctive noninvasive therapies for multitarget treatments to coagulation-fibrinolysis pathways. Our hope was to identify a synergistic agent that can be utilized with anticoagulation for CVT recanalization.
As we all know, only with the help of AT-III, can heparin and LMWH inhibit the activation of Factor IIa and Factor Xa, respectively. 25 For this reason, heparin-based therapies may be not F I G U R E 2 Batroxobin group vs. control: The raw distribution of (A) the follow-up recanalization; (B) the segment-stenosis extent attenuation suitable for the CVT patients with AT-III deficiency. Furthermore, although heparinoids have the capability of preventing further thrombus extension, existing thrombus is not readily lysed. [26] [27] [28] Given the disadvantages of anticoagulation, it is proposed that thrombolysis in CVT patients may produce desirable clinical benefits. 6, 8 Thrombolytic agents directly influence the fibrinolytic system and convert plasminogen to plasmin, which eventually removes the blood clot in the circulation. Although local thrombolysis has shown benefits in some CVT cases, this invasive therapy inevitably faces a risk of hemorrhagic transformation along with poor clinical outcomes. 9 Invasive strategies such as local thrombolysis and mechanical thrombectomy are limited to observational studies. [6] [7] [8] [9] [10] Therefore, endovascular mechanical thrombectomy or thrombolysis will be considered only at the condition of CVT-associated clinical deterioration.
Batroxobin, an agent widely used in arterial thrombosis, binds fibrinogen with 10-fold affinity as compared with thrombin, followed by a decrease in the level of fibrinogen in the circulation, resulting Hemorrhage occurrence/ aggravation, n (%)
Binary data or ordinal data were analyzed through a binary or ranked logistic regression model to adjust for confounding effects, while continuous data analysis was performed with a linear regression model to adjust for confounding effects. The confounding factors included follow-up time and thrombophilia in the multivariate analyses of patients with stenosis relieved, segments with stenosis relieved and stenosis extent, and NIHSS at admission in the analysis of NIHSS at discharge and mRS at 6 mo. * P < 0.05. ** P < 0.01.
TA B L E 3
The follow-up changes of thrombus on each subtype of segments in batroxobin group vs control in the inhibition of fibrin formation and thrombus elongation.
29
Moreover, it has been demonstrated that batroxobin could prompt the production of tissue plasminogen activator (tPA), mitigate the activation of tissue plasminogen inhibitor (PAI), impede platelet activation, and reduce blood viscosity improving microcirculation.
30-32
The coagulation-fibrinolysis pathways and the target of the aforementioned interventions are presented in Figure 3 .
In the previous publication, it has been verified that batroxobin may be a promising adjunct for standard anticoagulation strategy of CVT control; however, the MRV/CTV utilized was a rough imaging technique for evaluating the follow-up imaging outcomes. 17 In order to further enhance the accuracy of the assessment and provide a more convincing conclusion, we utilized MRBTI as the main imaging evaluation tool in this study. Yang et al found MRBTI
can confirm the diagnosis of CVT with a high accuracy by which thrombus in the veins/sinuses can be directly visualized. 18 Instead of directly imaging thrombus of MRBTI, MRV relies on the presentation of altered blood flow in veins, which may not express the real luminal patency and compromise the evaluating confidence to some extent.
In agreement with the previous results, this cohort of batroxobin-treated patients experienced improved recanalization rates and degree on TOF MRV and MRBTI. The reduction in stenosis extent on MRBTI in batroxobin group was more significant than that in control.
Among the patients with normal fibrinogen, batroxobin in combination with anticoagulation still exhibited more benefit than anticoagulation alone. Although we cannot perform comparisons among patients with high fibrinogen levels, the recent study showed the important role of batroxobin in CVT with high fibrinogen levels. 16 The stenosis improvement rates on MRBTI maps were more remarkable in the batroxobin group compared to the control group. These results indicate some degree of lysis is taking place or enhanced vessel remodeling in the batroxobin group. Although the stenosis extent at follow-up between the two groups did not reach a significant difference, changes in the stenosis extent after intravenous batroxobin showed strong trends on dissolving thrombus. The MRBTI map gave us direct visualization of clot elimination with nonionizing radiation suggesting this may be a new noninvasive accurate way of following CVT patients.
The elevation of D-dimer (more than 20-fold of baseline) and reduction in fibrinogen after batroxobin use presented in the previous study
The pattern diagram of coagulation-fibrinolysis pathways: Anticoagulation such as LWMH mainly inhibits coagulation pathway; tPA dissolves the thrombus in venous sinus, which acts on fibrinolysis pathway; endovascular treatment removes the thrombus directly; Batroxobin shares a combinatory effect of anticoagulation and fibrinolysis. The brief diagram is shown in the upper right with a purple frame provide a convincing demonstration that fibrinolysis and thrombolysis induced by batroxobin can dissolve CVT thrombus.
16
Subgroup analysis based on the nine subtypes of venous system segments was also performed. Only the superior sagittal segment displayed remarkable stenosis reduction in batroxobin group compared with control. Small sample sizes constricted the test power, despite which, we still thought that the thrombus in superior sagittal segment might be more susceptible to defibrase drugs. This may be explained by more drug reaching this area first given normal drainage patterns.
NIHSS scores and mRS scores at discharge and 6 months were equivalent between the patients with batroxobin use and controls in the previous study. Only discharge NIHSS scores were significantly better in batroxobin group. 16 The current study revealed no significant differences in NIHSS or mRS at follow-up. As opposed to cerebral arterial occlusion, the neurological deficits mediated by CVT can be more asymptomatic, the NIHSS scores and mRS scores may not accurately reflect the differences in clinical outcomes of patients with CVT (especially in regard to headaches, papilledema, venous hypertension all related to chronic venous drainage insufficiency).
One patient suffered from cerebral hemorrhage at admission, after anticoagulation treatment, the hematoma did not further enlarge.
No other hemorrhages were noted in this study. We cannot conclude on the safety of batroxobin in this study, but in the previously published work, the risk of hemorrhage in batroxobin group was lower than control but with nonstatistical significance. 16 Other previous reports regarding batroxobin treating cerebral arterial disease have found a low risk of batroxobin-induced hemorrhage. 33, 34 Therefore, we believe that using batroxobin in CVT patients is safe.
There were some limitations to this study. Our small sample size renders the study underpowered and restricts the conclusion reliability, due to which, the multivariate analysis could not involve enough relative confounding factors and subgroup analysis may not suffice achieving convincing results. Large randomized trials would be difficult with such a rare disease process. Despite this, a well-designed large sample size trial is needed to further evaluate. The present study is a real-world experience, and this means it cannot be randomized and controlled. The low-quality design may affect the study conclusion.
The treatment group was assigned in accordance with the patients consent and wishes to be treated with this novel drug and controls identified. Cohort studies such as ours can be valuable despite not being randomized. Because most of the enrolled patients only conducted two times of MRBTI in this study, more sequential MRBTI imaging would be necessary to evaluate if batroxobin was able to accelerate the recanalization in CVT patients. Although the follow-up time between the two groups did not reach difference and multivariate analysis had adjusted for this confounding factor, the bias still existed in this study and the conclusions need to be further determined.
| CON CLUS ION
With the help of MRBTI, we notice that batroxobin may promote recanalization and attenuate venous sinus stenosis in CVT. Considering the limitations of this study, multicenter, well-designed, large sample size prospective trials are needed to further verify this conclusion.
